Magnetic dipole and electric quadrupole moments of the mirror nuclei 8 Li and 8 B are analysed in the framework of the multiparticle shell model by using two approaches : i) the one-particle spectroscopic factors and ii) the one-particle fractional parentage coefficients. These two approaches are compared both each to other and with a microscopic multicluster model. The one-particle nucleon states are calculated taking into account the continuum by the method of the expansion of the Sturm -Liouville functions. The experimental magnetic and quadrupole moments of 8 Li and 8 B are reproduced well by using fractional parentage coefficients technique. The root mean-square radii and the radial density distributions are obtained for these nuclei.
Introduction
From a known proton-rich nuclei the nucleus 8 B has an extremely low binding energy of the valence proton and is one of the best candidates for the proton-halo nucleus. The 8 B proton-halo problem was considered in many experimental and theoretical works (see [1] and the references listed there). At present wide experimental material has been accumulated: the total interaction cross section of 8 B with the different nuclei in the wide range of the incident energies, the quasielastic scattering data on different targets, the fragmentation data of 8 B to 7 Be and proton, as well as the measurement of the electric quadrupole moment of 8 B [2] . And although the latest publications [1] can explain the existing experimental data by a proton halo in 8 B, it is necessary to understand, whether spatially extended density distribution of the loosely bound proton is the property of the structure 8 B itself or the introduction of the halo is consequence of our insufficient knowledge of the reaction mechanisms.
Of course, when the investigations of nucleus-nucleus collisions are performed, the questions of structure of the interacting nuclei and the reaction dynamics are closely interlaced. Therefore, it would be the ideal variant to have the form factors of elastic electron scattering on 8 Li and 8 B. As the electron-nucleus interaction is, mainly, electromagnetic and, in principle, well known one, the most precise information on the nuclear structure may be derived from the analysis of these form factors together with the data of electric and magnetic moments for these nuclei. And if it is realized, then the trustworthy of the reaction mechanisms for different processes can be deduce. As far as the obtaining of electron scattering data on unstable nuclei -is the problem of the future investigations [3] , one has to carry out the careful analysis of the static data: electric quadrupole and magnetic dipole moments of nuclei 8 Li and 8 B. The description of these data depends completely on the structure of these nuclei.
A "nucleon halo" -is a new form of nuclear matter, characterized by low and nonuniform density distribution. The description of the halo nuclei needs the extra caution. It is necessary to pay the special attention to the following, very important, factors : I) the asymptotic behavior of the wave function of the valence nucleon; II) the correct consideration of the continuum effects; III) taking into account of the nucleon associations or the clustering phenomena; IV) the exact treatment of the Pauli principle or the antisymmetrization effects. At once one should point out that all these factors are intercorrelated. The different models of the resonating-group method (RGM) (or the generator-coordinate method (GCM)) [4, 5] are the most promising ones from the point of view of the clustering phenomena and the Pauli principle. It may be the nucleon association model [6] or the microscopic multicluster model intensively developing now using the stochastic variational method [7] . These models assume the wide use of powerful computer facilities. Moreover, so far as in these models the basis function are chosen in Gaussian form, for the achievement of the correct asymptotic form of the wave functions and for the taking into account the continuum (the high partial wave channels) it is necessary to take a very large basis of the trial functions. The calculation becomes too complicated and computer time consuming. In spite of all respect to the valuable results, obtained by such a way, one should be point out, that the big heuristic power of the analytical method being a characteristic feature for the traditional theoretical physics, here is reduced noticeably.
In present work the multiparticle shell model [8, 9] . for the description of magnetic dipole and electric quadrupole moments 8 Li and 8 B. The Pauli principle is treated exactly in this model. For obtaining the correct asymptotic behavior in our approach we used the single-particle wave functions calculated in the Woods-Saxon potential both with and without the spin-orbit interaction [10] . If the energy and the wave function of the quasi-bound 1p 1/2 -state are calculated taking into account the spin-orbit interaction, then the method of the expansion of the Sturm-Liouville functions is used, i.e the calculations are performed with an appropriate treatment of continuum effects [11, 12] . Concerning to the clusterization, in the shell model the construction of the shell wave function by itself is connected with the associative structure of the nuclear state. For instance, in the Young's scheme [f1f2f3]=[444], corresponding to the structure from three α-clusters, the attraction within a separate line (i.e the attraction of nucleons inside the association) and the repulsion between nucleons of the different clusters (lines) dominates. Let us mention also the well-known fact, that if the harmonic oscillator size parameters of the wave functions of the internal and relative motions are equal, then there is the identity between the wave functions of RGM and the shell model. If the oscillator parameter of the wave function of the relative motion of the clusters differs from that of the motion of nucleons inside the cluster, then one can expand the relative wave function on the principal quantum number with respect to the intrinsic wave functions. Then every term of the expansion will represent the wave function of the shell model and the expansion coefficient will define the weight of the corresponding configuration into the common wave functions of RGM. And this means that such approach allows to determine "non-obviously" the influence of continuum on the RGM wave function. This multiparticle shell model with the realistic radial wave functions and the correct asymptotic behavior, which takes into account exactly of the continuum effects contains the aforesaid factors, that is necessary for considering the weakly bound halo nuclei. The wave functions for the nuclei with A=8 in ground state are as follows: , T = 1. The nuclear quadrupole and magnetic moments are defined by the proton-neutron formalism as:
2.Formalism
where α = -for protons and α = n -for neutrons;
-the effective charge of nucleon;
µ α -the magnetic moment of nucleon;
1pj (r) -the radial function of nucleon in 1p j -state;
-the nucleon spectroscopic amplitude, which is expressed through the weight coefficients β i and the fractional parentage coefficients [9, 10] ; jj ′ -the total angular moments of nucleon in the initial and final states, respectively; k -transferred value of the total angular moment.
The one-particle root-mean-square (rms) radius may be presented in these nonations as follows:
For the nucleon occupation numbers of 1l j -states we have [10] :
Here l=p for 1p-shall, l=s for 1s-shall. For the nuclear rms radii ( R 
where Z -the number of protons, N -the number of neutrons in the nucleus with the number of nucleons A. If a nucleus is not strongly excited, then
At once it should be noted, if a spin-orbit interaction is not taken into account for calculation of the radial wave function in the mean field, then
and the expressions (6) and (6b) will take the following forms:
It follows from these expressions and (6), that if the spin-orbit interaction is absent, then the nuclear rms radii are independent from the nuclear structure and defined completely by the single-particle rms radii or the one-particle radial wave functions.
The nuclear quadrupole and magnetic moments can be expressed by the one-particle spectroscopic factors [13]:
where S
is the spectroscopic factor of the separation of the nucleon (proton -α= or neutron -α =n) from 1p -shell with the total angular moment j from nucleus A in the ground state with the quantum numbers J, when the residual nucleus (A-or A-n) is in the state with energy E c and the quantum numbers J c T c .
The expression (8) is the detailed presentation of expression (2) from the work [13] , where the shell-model of Cohen-Kurath and Millener-Kurath (C-K and M-K) for the p-shell nuclei with the effective interaction CKPOT was used. The radial single-particle wave functions were calculated in the WoodsSaxon (WS) potential taking into account the centrifugal and Coulomb (for proton) potentials and neglecting the spin-orbit interaction. All the core exited states of A-1 nucleus were taken into account. For each core exited state with the excitation energy E c , the separation energy of the valence nucleon S ν was determined by the formula
where B(A) is the binding energy of the nucleus A.
The valence single-particle wave function ϕ (α)
The expression (4) for the one-particle rms radius is rewritten as:
And for the nuclear rms radii we obtain:
and for R m r.m.s the expression (6) remains valid taking into account (12) and (12b).
If the spin-orbit interaction is not taken into account, then we have:
Unlike (7) and (7), in these expressions the dependence of the nuclear rms radii on the nuclear structure (the spectroscopic factors) remains.
As the mean field, determining the one-particle levels and wave functions, in our work we take the potential in the form:
where
-the Woods-Saxon potential,
V Coul -the Coulomb potential,
-the spin-orbital interaction,
κ -the constant of the spin-orbital interaction.
It is more convenient to rewrite the expressions (1) and (7) for the quadrupole moments as eQ = e ef f p q p + e ef f n q n .
(15)
Results and discussion
The analysis of the experimental data was started from reproducing the results of ref.
[13] and adding information on the magnetic moments.
The proton single-particle wave functions in the nucleus 8 B and the neutron ones in 8 Li were calculated, taking into account the formula (10) . The nucleon radius parameter r 0 and the surface diffuseness a were taken as standard values: r 0 = 1.27 fm, = 0.65 fm. The results of calculations of the singleparticle rms radii in accordance with expression (11) and with κ = 0 (i.e. without spin-orbit interaction, see (14)), are listed in Table 1 Table 2 shows that the theoretical µ N ucl. are somewhat smaller than the empirical values, especially for 8 Li. The values of the nuclear rms radii (the expressions (13a), (13b) and (6c)) are listed in Table 3 (variant I). As follows from Tables 2 and 3 , we have reproduced the results of the calculations from [13] .
And now let us use the multiparticle shell model, where the matrix elements are calculated by the method of fractional parentage coefficients via the weight coefficients β i (expressions (1)− (5)). From the single-particle rms radii we will use only the values at E c = 0 (the first line in Table 1 ). In the framework of this model the coefficients of the configurations β i were best fitted to the experimental values of Q and µ N ucl. for 8 B and 8 Li. The values of β i determined in this way are presented in Table 4 (variant A). The values e ef f α corresponding to these β i are very close to ones from [13] , and good description is obtained for the experimental values µ N ucl. by this approach (Table 2 (variant II) ). The values of the nuclear rms radii, which in given variant of the calculations are independent from the nuclear structure, i.e. from the spectroscopic amplitudes (see expressions (7a) and (7b)) are presented in Table 3 (variant II) 
The results of calculations in the framework of two approaches require a detailed analysis of the considered models. We should point out the defect of the Cohen-Kurath and Millener-Kurath model [8] , resulting to zero value of 6-j symbol,
This component brings the dominant contribution in the calculations of the magnetic moments and the nuclear rms radii (expressions (9), (13), (13)). It should be noted also somewhat artificial character of the expansion method on the spectroscopic factors, since the last depend both on the structure of the parental and residual nuclei. Moreover, using the expression (10) for the separation energy of the valence nucleon gives rise to the decreasing of the nuclear rms radii as compared with the results of the multiparticle shell model ( Table 3 , variants I and II). This is a consequence of the single-particle rms radii dependence on the excitation energies E c . If we try to reduce the expressions (13) and (13b) to the form like (7) and (7b), then it is necessary to take out of summation an average value of the single-particle rms radius < r 2 1p > α av. indepedent on E c . Then we obtain:
The average values of < r Li, respectively. We choose the values r 0 and a (the depth of the WoodsSaxon potential corresponds to the separation energy of the valence proton in 8 B) so as to obtain < r Li. Given these data in the framework of the multiparticle shell model, we fitted the coefficients β i describing the experimental values µ N ucl. and Q. The values of the coefficients β i are represented in Table 4 (variant B) . The values µ N ucl. and e ef f α listed in Table 2 (variant III) correspond to these β i . Tables 2 and 3 (variants I and III) demonstrate reproduction the results of the work [13] , and besides sufficiently good description of the magnetic moments in the given case. But the values r 0 and a become much less than the standard ones and the nuclear wave function becomes more clustered: |β 1 | = 0.906 > (table 4, variant B) |β 1 | = 0.859 (variant A). All aforesaid results were obtained with the radial one-particle wave functions calculated in the mean field potential without the spin-orbit interaction. But for such looselybound system as nucleus
= −0.137 MeV, the probability to discover proton in the 1 1/2 state is not zero. And it is possible when taking into account the spin-orbit interaction specifically for nucleus 8 B. In general case for a weakly-bound halo nuclei the value of spin-orbital interaction is an open problem at present. And in most cases for such nuclei, the levels of energies and the single-particle wave functions of 1 1/2 -states are not defined by the conventional methods, because the Levinson's theorem is not executed. In present work the energy and the wave function of the single-particle 1 1/2 -state of proton in 8 B were calculated by the method of the expansion of the Sturm-Liouville functions, thereby taking into account the influence of the continuum [11, 12] . The constant of the spin-orbit interaction κ was chosen so that the calculated single-particle energy proved to be lower than the centrifugal + Coulomb + spin-orbital barrier. Then we can consider this state with the positive energy as quasibound one. The wave function of such a state is convergent and can be normalized to 1. The one-particle energies and wave functions of the valence nucleons in 8 B and
8
Li were calculated for the ground and first excited states of the residual nuclei 7 Li and 7 Be, respectively (see expressions (10)). The spin-orbital constant κ = 0.101 was chosen. Having the wave functions obtained in the framework of C-K and M-K model, were calculated the single-particle rms radii. The results of the calculations are listed in Table 5 . Taking these rms radii (and the others represented in Table 1 ) we calculated the quadrupole and magnetic moments (the Table 2 (variant IV)) and the nuclear rms radii (Table 3 (variant IV) Tables 2 and 3 (variants V) and Table 4 (variant C). The occupation numbers of the nucleon one-particle states are listed in Table 6 . The distributions of the proton density in (Table 5) are significantly smaller than the corresponding value < r Li has a less neutron halo. And in this case, a neutron (proton) in 8 B ( 8 Li) is found in 1 1/2 -state with a low probability ∼12%, whereas one of the three 1p-protons(neutrons) in 8 
B (
8 Li) can be found in this state already with a higher probability ∼46% (Table 6) . Our values of the nuclear rms radii, calculated in the framework of the multiparticle shell model exceed those available in the literature including [7] (Table 3 , variant VI). The authors of [7] reproduced the binding energy of the valence proton and the large quadrupole moment of 8 B, using the microscopic multicluster model, however they could not describe the magnetic dipole moments of Table 2 , variant VI). Of course, in spite of the successful description of the magnetic and quadrupole moments of the mirror nuclei 8 Li and 8 B in the framework of our approach, the obtained results are preliminary yet. And it would be very desirably to have the experimental data of the electron scattering on these nuclei and also the data of the polarization measurements. As far as the electron scattering on unstable nuclei has not been realized yet, it would be actual to carry out experiments on scattering of secondary beams of 
Conclusion
We used the multiparticle shell model with: the radial wave functions, calculated in a realistic Woods-Saxon potential; the exact taking into account of a continuum; the use of the method of fractional parentage coefficients -for analysis of the experimental electric quadrupole and magnetic dipole moments of nuclei B has a significant proton halo, and 8 Li has a less neutron halo. We compared applicability of the multiparticle shell model and the microscopic multicluster model to the weakly bound halo nuclei. For the obtaining more correct wave functions of the considered nuclei, it is necessary to have the experimental scattering data of secondary beams of 8 Li and 8 B on polarized protons. Attention. In the work [7] effective charges have not used.
TABLES
.. e ef f n = e n = 0, e ef f p = e p = 1. Table 5 . Energies and root-mean-square states (energies (MeV), radii (fm) ). Fig. 1 . The distributions of the proton density in 8 B (solid curve), the neutron density in 8 Li (dashed curve) the neutron density in 8 B or the proton density in 8 Li (the dash-dot curve).
